This paper estimates the effect of capital taxation on portfolio composition and savings using quasiexperimental variation generated by the Dutch 2001 capital tax reform. The reform drove a wedge between the taxation of housing and financial wealth and in addition affected the after-tax return on all assets. I use unique administrative household panel data with information on capital income, wealth and portfolio shares to exploit this variation. I derive and estimate a semi-structural model which directly relates the share invested in financial wealth to the after-tax return on financial and housing wealth. In addition, I link accumulated wealth in the reform-period to the change in the after-tax return on total wealth. Elasticities have the expected sign but are modest in size. I find some evidence for heterogeneity in the behavioral response. In particular, rich and single households seem to be more responsive in terms of both portfolio composition and wealth accumulation, than other households. The estimated elasticities can be used in capital tax models to calibrate the optimal tax rate.
Introduction
Capital taxation is a contentious issue in public economics. Seminal papers by Atkinson and Stiglitz (1976) , Judd (1985) and Chamley (1986) suggest capital should not be taxed at all. However, recent literature suggests that this result only holds in a very specific setting and the optimal tax rate on capital tax is generally non-zero (see for an overview Conesa et al., 2009 and Diamond and Banks, 2010) . In addition, many governments create tax incentives for households to hold specific assets, such as owner occupied housing and pension savings, but very little is known about the effectiveness of these subsidies.
In order to calculate the optimal capital tax rate on each asset it is of central concern to know if, and by how much, households respond to tax incentives when they choose their portfolio composition, and their level of savings. In this paper I answer this question by exploiting variation of the Dutch 2001 capital income tax reform.
1
The reform was announced in 2000 and created enormous quasi-experimental variation in the aftertax return on assets. In particular, the reform drove a wedge between the taxation of owner-occupied housing, hereafter referred to as housing wealth, and the taxation of all other assets in household's portfolio, hereafter referred to as financial wealth.
Most households in the Netherlands owning both types of wealth have received a shock to their aftertax return on each of the two wealth types. At the household level, the two shocks are uncorrelated. In addition, the shock provides variation at each level of household income and all levels of (positive) wealth.
This allows me to isolate the effect of the tax reform from other changes in the dependent variable that are correlated with income, wealth and many other control variables.
In order to estimate the effect of the reform, I use a specifically designed unique panel dataset provided by Statistics Netherlands over the period [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] . The dataset is based on the Income Panel Investigation (IPO) which keeps track of administrative records of 0.61 percent of the Dutch population, as well as their household members. The original IPO contains individual tax records on capital and labor income collected from both employers and employees for each household member, as well as a large set of control variables collected at both the national and the municipal level. For the purpose of this study the dataset is extended at the household level with administrative data on household portfolios.
The use of this data is one of the main innovations in this paper. In his Presidential Address to the members of the American Finance Association Campbell (2006) points out that to estimate a portfolio choice model the ideal dataset should have the following five characteristics: i.) it should cover a representative sample of the population, ii.) it should contain wealth and break down wealth into categories, iii.) the categories should be sufficiently disaggregated, iv.) the reported data should be sufficiently accurate and v.) households should be followed over time. The IPO dataset exhibits all of these characteristics, and of top of that the 2001 tax reform offers quasi-experimental variation in the return on assets. Such data is not available in the US and Canada and, as such, most previous studies had to rely on cross-sectional survey data.
23 Therefore, unlike most other studies in the literature, in this study I can control for unobserved household heterogeneity. This could be important, because unobserved heterogeneity, such as earnings ability, may be strongly correlated to the marginal tax rate of the household.
In addition, to my knowledge this is the first study to directly link portfolio choice to a tax-induced change in the after-tax return on assets. Unlike the Netherlands, most other tax systems in the world have some sort of capital gains tax. As a result, in other countries the capital tax affects both the expected return and the variance of the return, making it impossible to isolate the effect of taxation on the expected returns. Further, most other tax systems in the world tax all assets more or less synthetically. As such, it is impossible to separately identify asset-specific tax rates. In this respect the 2001 capital tax reform is an ideal experiment, because it drives a wedge between two asset types that were previously taxed synthetically. The estimates can therefore directly be used to predict the effect of the tax rate on a particular asset on the demand of the asset, and as such, they may be of large value to policy makers.
In order to aggregate the reform into economically meaningful statistics I impose some structure by developing a semi-structural model of the household's investment and savings decisions. In the spirit of the consumption-based capital asset pricing model (CCAPM) 4 I split the household decision in a first stage where the household chooses his level of savings and a second stage in which the household chooses its optimal portfolio composition. In the latter stage, I derive the optimal share invested in financial wealth and show that it should be a function of the gross expected after-tax return on financial and housing wealth, and the variance-covariance matrix of the returns. As such, the change in portfolio composition over the reform is a function of the change in each of these two components. I do not observe the after-tax return, since capital gains, and post-reform cash-returns are not recorded. In addition, I do not observe the variance-covariance matrix of the returns. However, by taking the assumption that the change in the expected before-tax returns and the change in the variance-covariance matrix are uncorrelated to the change in the capital-tax rate at the household level, it is still possible to identify the effect of a tax-induced change in the after-tax return on portfolio composition.
The validity of this assumption is discussed in detail in section 4 of this paper. However intuitively, the Netherlands is a small open economy. Therefore, the before-tax expected returns and variances in the capital market are unlikely to be correlated to the change in the tax rate. In addition, Domar and Musgrave (1944) already established that capital-income taxation may decrease the variance in after-tax returns, for given variance in the before-tax returns. However, the Dutch tax system only taxes cash returns. Since capital gains are much more volatile than cash returns 5 the impact of the Dutch capital tax system on the variance of after-tax returns is likely negligible.
Since Hall (1978) the empirical literature on the trade-off between savings and consumption has focused on estimating the Euler-equation. In particular, the fundamental parameter of interest since Hansen and Singleton (1983) and Hall (1988) 6 has been the intertemporal elasticity of substitution. One of the difficulties in estimating a Euler equation is endogeneity. Proper instruments which are correlated to the rate of return but uncorrelated to the rate of consumption growth are difficult to find. However, the Dutch capital tax reform may provide just such an instrument. Unfortunately, the data do not allow me to uncover the consumption of households since I do not observe all objects in the budget constraint.
7 Instead I relate the change in total wealth accumulation to the change in the gross after-tax return on the portfolio. From this equation I retrieve the elasticity of the demand of total wealth with respect to a change in the return on total wealth. Although, the elasticity of intertemporal substitution cannot be retrieved from this equation, the sign of this elasticity equals the sign of the elasticity of intertemporal substitution. In addition, the estimated elasticity is interesting to policy makers in its own right, because it shows how capital taxation affects total accumulated wealth.
A particular concern in studies that use a tax-reform to identify the effect of taxation upon behavior is the endogeneity of the tax rate. In this case, the post-reform tax on housing and financial wealth may depend on the change in housing and financial wealth. For housing wealth this effect is likely small because housing is taxed together with labor income and labor income is orders of magnitude larger than housing income for most households. However, the marginal tax rate on financial wealth is crucially dependent on whether or not financial wealth exceeds a threshold. Therefore, I use the pre-reform data from 1995-1999 to construct a model to predict what financial wealth would have been without the reform. New tax rules are applied to predicted wealth levels to predict what the tax rate would have been without the reform. In the final regression I use the instrumented tax rates in order to determine the change in the after-tax return. This instrumentation strategy is standard in the estimation of the elasticity of taxable labor income (see e.g. Feldstein, 1995 , Gruber and Saez, 2002 and Weber, 2013 .
A second source of endogeneity may arise from the effect of wealth on portfolio composition. Empirical evidence shows a strong correlation between portfolio allocation and the level of wealth (see e.g. Mankiw and Zeldes, 1991 , Poterba, 2002 and Campbell, 2006 . Hence, a change in wealth may lead to a change the optimal portfolio allocation. Since, the portfolio return depends on the the portfolio allocation the change in wealth may indirectly affect the change in the portfolio return. However, an instrument is readily available. I estimate the change in portfolio allocation using the change in the after-tax return on each asset. The instrument is valid because the after-tax return on each asset is unlikely to be correlated with the change in wealth, except through the change in the return on the entire portfolio. As a result, the portfolio-allocation stage of the household decision process can be used to instrument for the stage where the household chooses between savings and consumption.
In the estimations I use 1999 as a base year since decisions in 2000 may already have been affected by announcement effects. I look at long-run effects up to 2004 and short-run effects up to 2001. In the long-run I find that a tax-induced change in the after-tax return on financial and housing wealth has statistically significant but modest effects on portfolio composition. The central estimate is that a one-percent increase in the tax on financial wealth decreases the share invested in financial wealth by only 0.033 percent. The elasticity with respect to the after-tax return on housing has the expected negative sign, but the effect is economically negligible.
Furthermore, I find that accumulated wealth in the period 1999-2004 is positive and significantly correlated to the change in the after-tax return on the portfolio. However, again effects are rather modest. A 1 percent increase in a hypothetical tax that covers all wealth would decrease accumulated wealth by only 0.036 percent. The short-run elasticities are only slightly lower than long-run elasticities. This indicates that households respond to the change instantaneously.
In the sensitivity analysis I split the sample, and estimate the elasticity of single households and households that had high levels of wealth. The elasticity for these groups is significantly larger. However, this result has to be interpreted with some caution because the sample of single households is rather small and the measurement error may be smaller for the rich households than the poor households. Therefore, it is difficult to separate real heterogeneity in the behavioral response from possible attrition through the measurement error.
Two potential caveats should be discussed. First, unlike other studies on the effect of taxation on portfolio allocation, such as King and Leape (1998) and Poterba and Samwick (2003) , I only study the intensive margin of the portfolio choice. Since almost all households own at least a little bit of financial wealth through a savings or demand deposit, I exclude all households that do not own a house. Arguably, the fact that I have aggregated the portfolio to only two assets alleviates the severity of this omission. In addition, the decision of buying a house is fundamentally different from other investment decisions due to the fundamental indivisibility of buying a house (see also Cocco, 2005) , complicating the introduction of an extensive margin in this study.
A second caveat is the fact that I do not observe the wealth employees have in their pension fund. Total savings of the pension funds amount to 138% of GDP in 2013 and are as such a significant portion of total savings for Dutch employees. Unfortunately, for the studied period, pension funds did not keep any records on payments by individual employees and as such there is no way to reconstruct pension savings for households. However, households cannot alter their pension savings on the basis of the tax reform because the level of contributions is set in negotiations between employers and unions. In addition, the reform has had no impact on pension savings, since pensions were untaxed both before and after the reform.
Most classical studies, relying on (repeated) cross-sectional survey data, find a strong effect of taxation on portfolio composition (see e.g. Hubbard, 1985 , King and Leape, 1998 and Poterba and Samwick, 2003 . However, in a recent article Alan et al. (2010) partially control for unobserved household heterogeneity by cleverly exploiting intra-household variation in the capital income tax rate in the Canadian tax system. They find a significant but relatively modest effect of taxation on portfolio composition.
A direct comparison between previous studies and this study is complicated by the fact that previous studies could not directly link portfolio composition to the after-tax return on assets. However, findings in this paper broadly correspond with the modest behavioral response found in Alan et al. (2010) , suggesting that not controlling for unobserved household heterogeneity leads to an overestimation of the impact of taxation.
A large literature has been devoted on estimating the Euler equation using a variety of datasets and instruments. Estimates of the intertemporal rate of substitution vary between 0.65 and 1 (see e.g. Attanasio and Weber, 1989 , Attanasio and Weber, 1993 , Banks et al., 1994 , Attanasio and Weber, 1995 and Engelhardt and Kumar, 2009 ). This paper adds to this literature by estimating the effect of taxation on intertemporal choice behavior. In particular, the 2001 tax reform provides a strong instrument for the change in the after-tax return on assets. Unfortunately, there is no direct relationship between the elasticity of the after-tax return on wealth estimated in this paper and the intertemporal elasticity of substitution. However, Attanasio and Wakefield (2010) simulate a life-cycle model where the net-after tax return on assets in the UK is increased from 2 to 2.5 percent. Their simulations show that such an increase in the return significantly increases accumulated wealth if the elasticity of substitution equals one. A similar policy analysis using estimates from this study shows only a modest affect on accumulated wealth. The large difference between the estimated effect in this paper and the simulation tentatively suggest that the estimated elasticity of intertemporal substitution in this study is smaller than in the base-line simulations of Attanasio and Wakefield (2010) . This paper is organized as follows. In the next section explains the 2001 tax reform in detail. In the third section discusses the IPO data. The fourth section introduces the econometric specification. The main results are presented in the fifth section. The sixth section presents some sensitivity analysis and the final section concludes.
The 2001 Tax Reform
The 2001 tax reform was officially announced by the Dutch government in mid-2000. Rates, bracket thresholds, income definitions and tax deductions all changed. Also, the new system introduced a wedge between the taxation financial and housing wealth. The reform drastically changed incentives to for portfolio composition and savings. In this section I will highlight how the tax reform has affected incentives through the households' intertemporal budget constraint.
In the Netherlands, household wealth has four components, each of which are taxed according to a different tax-regime: i.) financial wealth, ii.) housing wealth, iii.) tax-deferred wealth, iv.) ownership of small firms and closely-held corporations. Financial wealth is the difference between financial assets such as bank accounts, stocks, bonds and real estate, and loans. Housing wealth is the difference between the value of the owner-occupied house and the mortgage on the house.
The largest part of tax-deferred wealth are so-called second pillar pension savings. Collective labor agreements between employers and employees require firms to set up pension funds or join in sectoral pension funds. Total savings of the pension funds amount to 138% of GDP in 2013 and are as such a significant portion of total savings for Dutch employees. Unfortunately, for the studied period, pension funds did not keep any records on payments by individual employees and there is no reliable way to reconstruct pension savings for households. As such, I have no choice but to ignore tax-deferred wealth in this study. Fortunately, the 2001 reform did not affect the taxation of these assets. Furthermore, behavioral responses in these savings at the household level are unlikely since the size of the contributions are set in negotiations between unions and employers. Up to 2003 there were no major changes in pension benefits, entitlements or contribution. In 2003 pension premiums did increase significantly due to the aftermath of burst of the dot-com bubble. However, the change in pension contributions was likely strongly correlated with household labor income and age, both of which I can control for in my estimation, and after controlling for those factors, only weakly correlated to the change in the capital tax rates.
In addition, this study ignores wealth stemming from small firms and closely-held corporations. The 2001 reform did change the taxation of wealth and income from closely-held corporation. However, households that own closely-held corporations likely have the possibility to shift income between various tax bases (see e.g. De Mooij and Nicodème, 2008) . As such, I remedy this problem by simply excluding all households that owned close-held corporation, or small firms from my dataset. The focus of this study is therefore on housing and financial wealth.
In the remainder of this section I will explore the changes generated by the tax reform through the household's intertemporal budget constraint. The linearized intertemporal budget constraint of household i in period t is given by:
where W it denotes total household wealth of household i in time t, C it consumption, T it the marginal tax rate on labor income of the primary earner, Y it gross labor income of the primary income earner, and R W it the gross-return rate on total wealth after capital taxes. The actual budget constraint is nonlinear because the income is taxed progressively. However, linearizing the budget constraint simplifies the exposition considerably and is useful in deriving the relationship between behavior and the marginal tax rate (see also Saez, 2001, Gruber and Saez, 2002) . The term V it denotes virtual income, and contains a correction term for the fact that the actual budget constraint is non-linear, as well as net household income that does not pertain to labor of the primary earner.
The after-tax return on wealth is crucially dependent on the asset mix in the portfolio, since the different categories of wealth holdings face a different tax regime. Hence, it is useful to split up total wealth into financial and housing wealth:
where, W F it is financial wealth, the difference between financial assets and loans, and W H it housing wealth, the difference between the value of the owner-occupied house and the mortgage resting on the house. Hence, the total gross after-tax return on wealth, R W it can be subdivided in the gross after-tax return on financial wealth and the gross after-tax return on housing wealth:
where R j it is the after-tax return on wealth type j and α f it the share of financial wealth in the portfolio. The after-tax return on each asset can be characterized by the following equation:
where τ j it is the wealth-tax on wealth type j, R j it is the net taxable return on asset j and T W j it the marginal tax rate over return j. Finally, R j * it is the untaxed return. Before the reform the wealth tax was levied on the part of total household wealth that exceeded some threshold. The threshold value in turn depended on household characteristics X ib .. The threshold was larger for couples than for singles, but independent of portfolio composition:
where the subscript b denotes the base year and X ib is the status of the household.
Cash returns were taxed synthetically with labor income of the primary earner according to a nonlinear, progressive tax-system. 8 In addition, for real-estate the government taxes an imputed rent.
Capital gains were not taxed at all. Tax rates are age dependent since people over 65 do not have to pay the social premiums relating to the general pension. As such, their effective marginal tax rates are generally lower. In addition, there was a general tax deduction which depended on household status. Thus, the tax function could be expressed as follows :
After the reform, the government introduced a tax-system based on imputed returns on financial wealth. Financial wealth above a threshold, which was again larger for couples than singles, are presumed to receive a return of 4 percent. The 4 percent in turn was subject to a tax rate of 30 percent. Effectively, the presumptive capital tax is equivalent to a wealth tax of 30% × 4% = 1.2%. For future reference I will refer to this tax simply as a wealth tax. The new wealth tax does not pertain to wealth from housing. As such, the after-reform wealth-tax on assets is given by:
where subscript r stands for all post-reform years. Housing wealth is no longer subject to the wealth tax:
τ
For financial wealth the capital-income tax is abolished such that:
Capital-income pertaining from housing wealth is still taxed synthetically with labor income from the primary earner. However, the general tax deduction is abolished and replaced with a tax credit which depends on household type and employment status. In addition, the rates in the income tax have changed. The post-reform income tax can therefore be expressed as:
where T ir (.) is the post-reform income tax rate. Table 1 gives an overview of the changes in deductions, tax credits, threshold levels and tax rates for a single household. All amounts are expressed in 1999 euros. As can be seen, the wealth tax has increased from 0.7 to 1.2 percent and the tax exempt threshold has been lowered drastically. This increase in wealth taxes is offset by the fact that housing is now wealth-tax exempt. The marginal income tax rate has decreased for households at the bottom and the top. However, the tax rate has increased for some households that used to be in the third bracket and are now in the fourth bracket. In addition, the income definition has changed since actual return of financial wealth is no longer taxed. However, this is unlikely to affect the marginal tax rate much since cash returns from financial wealth are generally much smaller than labor income for most households.
The tax-reform created a wedge between the taxation of housing wealth, and the taxation of other financial assets, by excluding the former from the new wealth tax and the latter from the income tax. The shock has not affected all households symmetrically. In particular, in the market for financial assets the abolishment of the capital-income tax has stronger effects for households with high synthetic income than for households with low synthetic income, due to tax progressivity. Additionally, because the tax rate on capital income is dependent on the earnings of the primary income earner, the size of the shock in the tax rate for given household income depends on the division of earnings within the household. Specifically, for a given household income, if the incomes of primary and secondary earners are relatively close, the tax rate on income earned by the primary earner is relatively low.
9 Also, the threshold of the wealth tax has shifted down affecting households that were previously below the threshold, but were not after the reform. Finally, the pre-reform tax on capital-income was only levied over cash returns. As such, households with relatively low cash returns and high capital gains paid a lower tax on their assets 9 Note that this source of variation runs counter to the one exploited in Alan et al. (2010) in the Canadian tax system. In Canada, households can choose which partner pays capital income taxes. As such, households with a more unequal division of household income face a lower capital-income tax rate. than households with high cash returns and low capital gains. This assymetric treatment of returns is now abolished since the post-reform tax rate is levied independent of the division of returns within the asset.
Furthermore, in the market for owner-occupied houseing the reform in the rates of the income tax have increased the tax rates for some households, but decreased the tax rates for other households, thereby providing a source of variation in the return on housing wealth. In addition, the abolishment of the wealth-tax on housing has affected those households above the wealth-tax threshold but has not affected those that were below the threshold.
As such, the reform offers a myriad of sources for identifying the effect of a change in the tax rate on portfolio composition and savings. The next section will present the data used to exploit the variation caused by the tax reform.
Data Description
The data used for the analysis is the Income Panel Investigation (IPO) provided by Statistics Netherlands. The IPO follows about 0.61 percent of individuals in the Dutch population in the period 1989-2010, and it follows all the household members of the original 0.61 percent. Individuals in the panel are unaware of their participation in the sample. In 1989 the dataset contained data on 210,000 individuals in 75,000 households. The size of the sample has steadily increased to correct for the increase in the population by adding newborns and immigrants such that the final sample size in 2010 consists of 270,000 individuals in 94,000 households. The sample is not entirely representative for the Dutch population because some groups were deliberately oversampled. However, sampling weights are provided.
For the purpose of this study, the IPO has been extended to contain administrative data on household wealth and portfolio composition. Data are collected at the household level through administrative tax records. The data contain financial wealth in three broad categories: financial wealth, housing wealth and closely-held corporations. All wealth is subdivided in assets and liabilities and for financial wealth they are further subdivided into saving accounts, stock, bonds, real estate and other assets. Loans, including mortgage loans, savings and checkings account are valued in their cash value. Stocks and bonds are valued at market prices. Dutch municipalities measure the value of all real estate in order to collect property taxes. These valuation have been used for real estate. Unfortunately, I have no data on the height of the property taxes themselves. However, there was no reform in the property taxes in the studied period. Therefore, this omission likely does not influence my results.
The dataset also contains some information on the taxable part of capital income. In particular, the data have some information on the cash returns. In the data, cash returns on financial wealth are measured as the sum of dividends, the difference between interest received and interest paid on all loans except the mortgage, and imputed returns on all real estate except the owner-occupied house divided by total financial wealth. Cash returns on housing wealth are defined as the difference between the imputed return on the owner-occupied house and interest paid over the mortage divided by total housing wealth. In the pre-reform period cash returns on both financial wealth and housing wealth are available. In the post-reform period cash returns on housing are observed but there are no accurate observations on returns on financial wealth since the government did not need to collect this information anymore after abolishing the capital-income tax on these assets. Note that even in the pre-reform actual returns on assets may be significantly larger than the cash returns due to the fact that capital gains are not reported at all.
The dataset also contains additional information on households such as primary income from labor-, transfer-and subsidy-income, gross income, taxable income after deductions, net income and disposable income at the individual level as well as many other income-related variables. Demographic variables such as age, region and country of origin are also included.
I study the data of households in the period [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] . By exploiting the pre-reform period of 1995-1999, I can control for portfolio dynamics. In 2000 the reform was announced. Announcement effects are likely to bias the estimates and as such I do not use data on wealth or capital income from 2000. The main estimation period runs from 1999-2004 and allows for estimation of the effects of the reform in both the short, 1999-2001, and long run, 1999-2004. From the original data I select a balanced panel comprising the period 1999-2004. From these observations, I select the households whose structure has remained unchanged throughout the sample period. In particular, observations where households merged by marriage or cohabitation, or separated by divorce or death of one of the main partners were deleted from the sample. It is likely that the savings behavior of these households changed for reasons entirely unrelated to the tax reform. Observations where the size of the household increases through childbirth or decreases by one of the children leaving the house remain in the sample. In addition, I removed individuals that were in an institutional house during any of the years.
As mentioned in the previous section, I also filter out all households that own closely-held corporations, as well as self-employed individuals. In addition, I have filtered out all households that do not own positive financial and/or housing wealth. That is, I remove all non-home owners from the sample. Therefore, in this study I focus entirely on the intensive-margin portfolio choice. Finally, I remove outliers defined as households with reported cash returns lower than -20 percent or higher than 50 percent. The large returns for these households may stem from households that underreport their wealth. This is a particular concern for households with low wealth since they were not subject to the wealth tax and as such could not be penalized for underreporting their wealth. The summary statistics of the final sample for post-and pre-reform periods can be found in table 2. The appendix reports summary statistics for the unfiltered sample. All monetary values in the table are reported in 1999 euros. Pre-reform, net-return and after-tax returns on assets have been calculated by dividing cash and imputed income on wealth by wealth. In the post-reform period, returns are calculated under the assumption that before-tax returns were equal to returns in the pre-reform periods such that all the variation is driven by the change in the capital tax.
Methodology
It is clear that the tax reform provides many sources of variation in household's investment decisions. The upside of such a large reform is that the after-tax return on assets changed for almost all households. In addition, it has been shown in a large number of studies that portfolio choice and savings are strongly correlated to wealth and income (see e.g. Poterba, 2002 , Campbell, 2006 and Attanasio and Weber, 2010 . However, figures 1-6 show scatterplots of the relative change in the after-tax return on financial, housing and total wealth as a function of household pre-reform primary labor income and wealth under the assumption that the before-tax returns remain constant. As can be seen from the figures, there is very weak correlation between the change in the after-tax return and income and wealth. In addition, there is variation at all levels of wealth. It is therefore possible to control for these variables explicitly without soaking up any of the variation in the after-tax returns.
Note further that the variation in the return on housing and total wealth is very large for low levels of wealth. This may be due to the fact that homeowners with little housing wealth are highly leveraged. In that case, a small change in the tax rate induces a large change in the after-tax return on housing wealth. In my robustness analysis, I focus on a subsample with relatively high wealth-levels to see if excluding this group has a strong impact on my estimates.
In order to estimate the effect of the simultaneous change in the wealth and capital income tax on portfolio composition and savings it is necessary to take some structural assumptions in order to aggregate the reforms into a statistic. In addition, cash returns on wealth in the post-reform period are not accurately observed and capital gains are not observed at all. Finally, there may be multiple sources of endogeneity related to the non-linearity in the tax rate, and the relationship between wealth accumulation and portfolio composition. In this section I will first derive a semi-structural model for asset demand and a semi-structural model for wealth accumulation. Finally, a separate subsection explains the strategy to deal with potential endogeneity.
A Model of Asset Demand
In this paper I study two household decisions. I study the trade-off between consumption and savings, and I study the trade-off between the different assets in the portfolio. In CCAPM it is shown that you can split up this decision into two stages. In the first stage households choose how much to save and how much to consume. In the second stage they choose their optimal portfolio-composition by maximizing a mean-variance utility function. I follow this approach and split up my estimation in a first stage where the dependent variable is accumulated wealth, and a second stage where the dependent variable is the share of financial wealth in total wealth. By backward induction, I will first derive the estimating equation in the second stage where the household chooses its optimal portfolio composition. Assume the household chooses its portfolio shares in each period to maximize a mean-variance utility function of its portfolio returns:
where E t is the expectation operator in period t. It is well-known since Domar and Musgrave (1944) that capital-income taxation generally affects both the mean and the variance of the investment. A positive capital-income tax rate decreases the mean return on investment but at the same time it decreases the variance by letting the government share part of the losses. On the other hand, a wealth tax only affects the mean return since the size of the wealth tax is unrelated to the return obtained on the asset. Therefore, it might be expected that abolishing the capital-income taxes on the cash-returns of financial wealth and the abolishment of wealth taxes on housing wealth affected both the mean return and the variance of the assets. In this case, identification becomes difficult because it is unclear whether the behavioral changes of the reform were caused by a change in the mean or in the variance of the return. Fortunately for the econometrician, the Dutch government only taxes cash returns. Of these, both imputed returns on real estate and interest payments on loans, savings accounts and government bonds are generally known before the household makes an investment decision. Dividend pay-outs are arguably somewhat more volatile, but are still far less volatile than capital gains (see e.g. Shiller, 1981 and LeRoy and Porter, 1981) . Therefore, I take the strong assumption that the taxable part of returns, R j it , is non-random at period t. I assume that untaxed returns are random variables and the vector of untaxed returns on financial and housing wealth follows a normal distribution:
where µ it is a vector, µ F it , µ H it of the mean returns on financial and housing wealth, and Σ it the variancecovariance matrix of returns. The expected portfolio return can be written as:
The variance of the return is given by:
where σ jk denotes the covariance of assets j and k. As can be seen, the variance of the portfolio is independent of the tax rate. From the first-order condition of the household one can derive the demand for the share of financial wealth in the portfolio as a function of the after-tax returns on financial wealth and housing wealth. Asset pricing theory predicts that the share increases in the return on financial wealth and the variance in housing wealth and decreases in the return on housing wealth and the variance in financial wealth. Assume, as is standard in the literature (see e.g. King and Leape, 1998) , that the log share of assets is log-linear in each of the returns, and separable in all returns and the variance. In that case the log share of financial wealth can be written as:
where ζ i , is a household-specific intercept, η t a period-specifc effect, ε j is the elasticity of the share with respect to return wealth type j, g i (.) is a general function of the variance-covariance matrix and ν it is the error term. In order to estimate this model, using variation induced by the reform, I take first differences over the reform:
where ∆x ir denotes the difference of variable x between the post-reform period r and the base year b and γ F = ∆η 
where I have used the approximation ln (1 + x) ≈ x and the fact that T F ir = τ H ir = 0. Clearly, direct estimation of (2) is problematic because we do not observe actual changes in the returns since returns are entirely unobserved after the reform. However, this omitted variable will not bias the final estimates as long as, after controlling for variables X i , it is uncorrelated to the tax-induced change in the after-tax return on each asset. Control variables in X i should obviously include variables that somehow influence household investment behavior and may be correlated to the change in the tax rate. I will first introduce the control variables that I will add to the model, before discussing the validity of this crucial assumption.
The first variable I include in X i is the total sum of primary labor income the household earned during the reform period. Here primary labor income includes all taxes and employee and employer premiums. This variable is meant to capture the amount of disposable income a household had available during the reform period. Clearly, households that had a lot of income during the reform period might save more than households that received less income. In addition, households with more income might use different investment instruments. Finally, primary income may be seen as a good control variable measuring ability of the household.
Furthermore, X i contains base-year wealth and base-year savings to control for portfolio dynamics such as mean reversion and persistence. In addition, I have added wealth splines to X i . The wealth splines are dummy variables indicating whether a household was in a specific decile of the wealth distribution in 1999. These spline terms control for possible exogenous dispersion in the wealth distribution, as in Gruber and Saez (2002) .
In addition, I control for age of the primary income earner using age dummies. It is likely that households with old primary income earners invest less, and less risky, than households with younger income earners due to the fact that the probability of death increases with age. Finally, I control for household type and household composition.
As mentioned before, the question is whether conditional on the X i just mentioned, the omitted variables are uncorrelated to the tax-induced changes in the after-tax return. This condition is very likely satisfied in the market for financial wealth. The Netherlands is a small open economy and it is unlikely that the Dutch tax reform affected world market returns in any significant way. On the other hand, returns in the much less international housing market might be affected by the tax reform. However, estimation results remain valid as long as the tax reform affected the housing market symmetrically or its effect was assymetric, but strongly correlated with control variables in X i . Especially the latter scenario seems likely. Although households with different wealth or income levels may have faced different shocks in their before-tax housing return, it seems unlikely that within these wealth and income classes the change in housing returns was somehow directly related to the tax rate. The assumption allows me to make the following substitution:
where ξ ir the new error-term. Through the substitution all variables relating to the change in before-tax return drop out. Note again that X i should absorb all variation in the after-tax return that is unobserved but possibly correlated to the change in the capital taxes. Inserting (3) into equation (2) we arrive at an estimation equation with only observable variables:
Note that a similar equation could be set up for the change in the log share of housing wealth. However, since both shares add up to one, such an equation would give no additional information with respect to the information contained in equation (4). If an increase in the return on housing decreases the share of financial wealth, than by definition it must also increase the share of housing wealth by the same percentage. Hence, in order to estimate portfolio allocation in a model with two assets, one only needs to estimate one equation. The elasticities in equation (4) directly relate the change in portfolio share to a tax-induced change in the after-tax return on the asset. This contrasts sharply with estimates in the US and Canada in e.g. King and Leape (1998) , Poterba and Samwick (2003) and Alan et al. (2010) , where portfolio allocation is related to an overall measure of the marginal tax rate on capital income. The results in these studies can inform policy makers whether an increase in the marginal tax rate shifts asset demand from less to more tax-favored assets, but are unable to inform the policy makers about the effect of increasing the tax-favored status of a particular asset by one percent. Such inference can only be made if different assets are taxed according to entirely different rules and effective marginal tax rate can be calculated independently for each type of asset. An even stronger inference can be made when a country reforms its tax system from a system where assets were taxed according to the same rules, to a system where taxes differ along the different type of assets. It is in that respect that the Dutch 2001 capital tax reform gives the econometrician a close to perfect natural experiment.
In addition, the tax systems in the US and Canada tax both cash and capital gains. As such, the capital income tax lowers both the return and the risk of the asset. Hence, in the aforementioned studies it is impossible to directly relate the change in the tax-rate to a change in the after-tax return, without also making strong structural assumptions about the effect of taxation on the variance-covariance structure of asset returns. By contrast the Dutch tax system affects the return but gives close to zero insurance against asset price volatility. As such, the change in investment decisions can be related directly to the change in the after-tax return, allowing for a more fundamental unraveling of the asset-demand equation.
A Model of Household Wealth Accumulation
In the first stage of the household optimization problem a household decides how much to consume and how much to save. The typical approach is to assume that it maximizes life-time utility with respect to the intertemporal budget constraint, yielding a consumption-Euler equation. A large literature starting with Hall (1978) has been devoted to estimating the Euler equation. Of particular interest is the intertemporal elasticity of substitution, the relative increase in the rate of consumption growth as a result of a relative increase in the return on the portfolio. In many models of capital taxation the intertemporal elasticity is a sufficient statistic for the distortion induced by capital taxation. However, directly estimating the Euler equation may be difficult due to endogeneity. Many factors such as business cycle fluctuation likely affect both the rate of consumption growth and portfolio returns. In addition, it is difficult to come up with instruments which are correlated to the interest rate but not directly correlated to the rate of consumption growth. As a result estimates of the intertemporal elasticity of substitution are sensitive to the instrument used.
The 2001 tax reform in the Netherlands is a strong candidate for an instrument, since it affected aftertax returns without additionally affecting consumption directly. Unfortunately, the IPO data cannot be used to deduce household consumption levels, because in the intertemporal budget constraint (1) a large part of the returns are unobserved. However, wealth accumulation can be observed. Although, the effect of taxation on wealth accumulation does not give exact information on the elasticity of intertemporal substitution, unless you are willing to take strong structural assumptions, it does give policy makers an indication of the intertemporal distortion created by capital taxation. In addition, what is lacking in terms of estimating the relevant preference parameter, is made up for in precision by using a particulary strong instrument.
To estimate the effect of the 2001 reform on capital accumulation I assume that the demand for log wealth is linear in the expected log return on wealth:
where γ is a constant, ε is the elasticity of wealth with respect to the after-tax return on wealth and ξ ir is the error-term. Note that the sign of ε is not a-priori determined by economic theory. An increase in the after-tax return leads to a substitution effect where people consume more in the future and less now. As is noted in Summers (1981) the substitution effect is reinforced by a negative wealth effect. The increase in the financial discount rate decreases the discounted value of future labor income. This wealth effects decreases consumption in each period, and hence, increases savings. However, households with positive wealth holdings also experience a positive wealth effect since the discounted value of their financial wealth increases with the interest rate. As such, households are induced to consume more in each period. In order to achieve this they have to consume part of their current wealth holdings. If the substitution effect dominates ε is greater than zero and vice versa if the wealth effect dominates. Note that the sign of ε corresponds directly to the sign of the intertemporal elasticity of substitution. Taking first differences over equation (5) we arrive at:
where γ = ∆η t . The equation can be further simplified by writing out expected portfolio returns and using log (1 + x) ≈ x: 
where
it is the share of housing wealth in total wealth. Note that the change in before-tax returns is not observed. However, I have already assumed that, conditional on X i , the change in the unobserved variables is independent to the change in the tax-rate. Hence, also here I can make the following substitution:
Substitute equation (7) into (6) to arrive at the final relationship:
Equation (8) gives the relationship between wealth accumulation and a tax-induced change in the aftertax return, expressed entirely in observables. The chain of causality is described in figure 7 . In the flow chart solid arrows depict causal relations. The top fat solid arrow represents estimating equation (4) and the bottom arrow represents (8). Dashed arrows represent potential reversely causal links and the dashed-dotted arrow represents the omitted channel, the effect of the change in before-tax returns on after-tax returns. The flow chart starts at the 2001 reform which caused variation in the capital tax rates. In turn, the capital tax rate influenced the after-tax return on each of the two wealth types. Equation (4) has portfolio composition as a dependent variable and the after-tax return on each asset as the main independent variables. Both the change in portfolio composition and the change in the after-tax returns on each asset influence the return on the portfolio. Equation (4) has the change in wealth as a dependent variable and the change in the after-tax return on the portfolio as an independent variable.
Endogeneity
As was argued in the previous subsection, the omitted change in before-tax returns might not be problematic as long as the change in those returns are, conditional on X i , uncorrelated to the change in the tax-rate. However, there are also three potential reverse causal links. First, the capital tax rate may depend on the change in asset composition in the portfolio. For example, the reform might have incentivized some households to shift their financial wealth to housing wealth in order to bring financial wealth below the taxable threshold. In addition, households might decide to reduce their total wealth in order to bring their financial wealth below the threshold.
The standard approach in empirical tax reform studies to remove this reverse causal link consists of two steps. First, use all available information to predict what the dependent variable would have been had there not been a tax reform. Subsequently, use the new tax system to calculate what the tax rate would have been under the predicted value of the dependent variable (see e.g. Feldstein, 1995, Gruber and Saez, 2002 and Kleven and Schultz, forthcoming) .
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Since non-capital income and income from housing wealth are taxed synthetically, and non-capital income is orders of maginitude higher than housing income, the tax rate on housing wealth is close to independent of the amount of housing wealth a household owns. As such, there should not be a large endogeneity issue with the after-tax return on housing. However, in the market for financial wealth, the endogeneity problem might be larger. Households can directly affect their tax rate by saving above or below their threshold. Therefore, I estimate a simple savings model on pre-reform data reaching back to 1995 in order to estimate what total wealth would be, had there been no reform. The dependent variable in this equation is household savings as measured by the relative increase in wealth, ∆ ln W it . I subsequently use this model to predict what total wealth would have been without a reform. I then predict financial wealth by assuming that the share of financial wealth in the post-reform year is equal to the share of financial wealth in the base-year 1999, α f ib . The underlying assumption is that the share invested in financial wealth α f it is a stationary variable such that the base year share is a good predictor for what the share would have been in the post-reform year, had there been no reform.
The model used to predict savings is given by:
Independent variables in X it are the lagged value of wealth and savings to control for possible mean reversion in portfolio dynamics. In addition, it contains the log of primary income from labor, the number of children, the number of household members, the type of household and age dummies for the age of the primary earner in the household. Since lagged savings can only be calculated from 1997 onwards the model is estimated in the period 1997-1999. Prediction takes place according to an iterative process. First, savings are predicted for 2000:
Obviously, η 2000 does not follow directly from the model. However, I use the fact that in any model where η 2000 would be estimated its value would be the difference between the cross-sectional mean of the dependent variable and the mean of its predicted value. That is,
where a bar over a variable denotes its cross-sectional mean. Subsequently, I estimate wealth holdings in 2000 by using: (4) and (8).
The second possible channel for reverse causality is the effect a change in wealth may have on the change in portfolio composition. Empirically portfolio composition is correlated with wealth (see e.g. Poterba, 2002 , Campbell, 2006 and Attanasio and Weber, 2010 . In addition, households may be limited in the amount of wealth they can invest in their house, in particular in the short run when they cannot change their mortgage. As such, a change in portfolio composition might be caused by a change of wealth. The econometric methodology in this paper allows for a straightforward approach to solve this issue. Equation (4) can be used to predict portfolio composition. Instruments are the change in the after-tax returns on each asset. Instrument validity requires that the change in the after-tax return is strongly correlated with the change in portfolio-composition, and hence, with the change in the after-tax return on the portfolio. In the results section it is shown that this is indeed the case.
Second, the exclusion restriction requires that the change in the after-tax return can only be related to the change in wealth through the change in the after-tax return. Note that standard tests for the exclusion restriction such as the Sargan-Hansen test (see Sargan, 1958 and Hansen, 1982 ) cannot be used here because instrumentation is non-linear. That is, the effect of the change in the after-tax return on each asset on the change in portfolio composition is estimated using linear regression. However, the after-tax return additionally has a direct effect on the after-tax return of the portfolio as can be seen in figure 7 by the arrow going from the after-tax return on each asset to the after-tax return on the portfolio. Hence, in equation (8), if α H it is instrumented using r j it , equation (8) becomes non-linear in r j it . However, there is no reason to assume that the tax-rate on each asset has a direct effect on wealth accumulation, other than through its effect on the after-tax return on the portfolio. Hence, I simply assume that the exclusion restriction is satisfied.
Under the assumption that the relative change in after-tax return on each asset is a valid instrument, equation (8) can be estimated using portfolio shares predicted in (4). This second instrumentation step is not standard in the literature. Therefore, in the sensitivity analysis I also study this equation with actual instead of instrumented shares to see if it has a strong effect on the results. Note: Dependent variable is change in log wealth. The regression equation is estimated using individual-and year fixed effects. In addition, age and household controls have been included in the estimation. Robust standard errors in parentheses. * * * p < 0.01, * * p < 0.05, * p < 0.1. Table 3 represents the first-stage estimates. Regression tables in this and the following section only show the main covariates. Coefficients for the full set of covariates for each table can be found in appendix B. As can be seen, there is strong mean reversion in wealth accumulation. Households with higher levels of wealth save less in the next period. However, additionally, there is some persistence in savings since households with higher lagged growth in their wealth seem to save more in the next period. As expected, households with higher labor income save more. Lagged income does not seem to be correlated with current savings. Results from these first-stage estimates are used to instrument the post-reform tax rate. Table 4 presents the first set of main results. It considers the long-run effects of the reform on portfolio allocation. As can be seen, the change in the after-tax return is positively correlated with the share of financial wealth in the portfolio. Elasticities range from 2.606-4.159 depending on the control variables Note: Dependent variable is relative change in the share of financial wealth between 1999-2004. IV-estimates using instrumented tax rates. Splines are linear decile spline terms over the wealth distribution. Primary labor income is a term containing the log of the sum of primary labor income earned between 1999-2004. Household and age effects include household type dummies, number of children below 18 in the household, number of members in the household and age dummies for the primary income earner. Robust standard errors in parentheses. * * * p < 0.01, * * p < 0.05, * p < 0.1.
Results

First Stage
Long-Run Effects on Portfolio Composition
included in the regression. The first column includes all control variables and it presents the preferred estimate of the elasticity at 2.715. This indicates that a one percent increase in the after-tax return increases the share of financial wealth in total wealth by 2.715 percent.
At first sight this effect seems rather large. However, recall that by the approximation ln(1+x) ≈ x, a one percentage point increase in the wealth tax on financial assets decreases the gross return on financial assets by one percent. Since the current wealth tax rate is 1.2 percent, a one-percentage point increase in this tax rate corresponds to an 1/1.2 = 83 percentage increase in the tax rate. Therefore, these results imply that a one percent increase in the wealth tax on financial assets decreases the share of financial assets in the portfolio by 2.715/83 = 0.033 percentage. Hence, the effect of taxation on asset allocation is relatively modest. A close to doubling of the wealth tax decreases financial assets by only 0.033 percent.
This finding corresponds with recent findings in Alan et al. (2010) but are in stark contrast to earlier findings using cross-sectional data in e.g. Feldstein (1976) , King and Leape (1998) and Poterba and Samwick (2003) who find strong effects of taxation on portfolio allocation. To my knowledge this study is the first to quantify the exact response of portfolio-allocation to a tax-induced change in the gross after-tax return on the asset.
The second row measures the effect of an increase in the return on housing wealth. As can be seen, an increase in the return on housing wealth slightly decreases the share invested in financial wealth, although the effect is much smaller. This asymmetric response could be explained by the fact that it is more costly for households to adjust their housing wealth. Households can increase their housing wealth by paying off their mortgage or by buying a new house. The former may be costly because households mortgage contracts usually fine households when they pay of more than the contracted amount. The latter is very costly due to moving cost and a 6 percent stamp duty that the government charges upon real estate transaction of owner-occupied houses.
Combining estimates from the first and second row of table 4 creates an interesting picture of household portfolio behavior. An increase in the return on financial wealth induces households to buy more financial wealth. Housing wealth remains remains unaffected due to high transaction costs, but since total wealth goes up, housing wealth as a percentage of total wealth goes down. On the other hand, an increase in the return on housing wealth does not induce households to buy more economically significantly more housing wealth, due to the transaction costs involved in buying housing wealth. Hence, there seems to be very little response to a change in the return on housing wealth.
With respect to the control variables, the change in the share invested in financial assets is decreasing in base-year savings, indicating that those individuals who have saved a lot in 1999 are less likely to save in financial assets in future periods. Wealth is uncorrelated to the change in the share invested in financial assets except when I do not control for wealth splines.
The size of both elasticities is sensitive with respect to the control variables used. In particular, the elasticities get larger when I do not control for household and age effects and when I do not control for portfolio dynamics by including base-year savings and wealth. In addition, the elasticity of the housing return is rather sensitive with respect to the use of splines. This indicates a slight positive correlation between the (instrumented) change in the after-tax return on the wealth types and each of these variables. However, the elasticities remain significant and of expected sign in each specification. In addition as has been argued above, even when the elasticity is at its highest, the effect of taxation on portfolio composition is rather modest. Table 5 : Long-Run Effects on Wealth Accumulation Note: Dependent variable is relative change in wealth between 1999-2004. IV-estimates using instrumented tax rates and portfolio shares. Splines are linear decile spline terms over the wealth distribution. Primary labor income is a term containing the log of the sum of primary labor income earned between 1999-2004. Household and age effects include household type dummies, number of children below 18 in the household, number of members in the household and age dummies for the primary income earner. Robust standard errors in parentheses. * * * p < 0.01, * * p < 0.05, * p < 0.1.
Long-Run Effects on Wealth Accumulation
In table 5 I study the first stage of the household optimization problem, the trade-off between consumptions and savings. Results from the first column of table 4 were used to instrument for portfolio composition. My estimates show that a 1 percent increase in the after-tax return on the portfolio, reduces savings by somewhere between 2.775-4.318 percent. The preferred estimates are again shown in the first column where the elasticity equals 3.031. Under all specifications the elasticity is statistically significant at the one-percent level and positive. This indicates that the substitution effect dominates the income effect. This result indicates that the elasticity of intertemporal substitution is positive and this is in correspondence with all recent findings (see e.g. Attanasio and Weber, 1993 , Attanasio and Browning, 1995 and Engelhardt and Kumar, 2009 .
By the same argument as in the previous subsection, the estimated elasticity indicates that a one percent increase in a hypothetical wealth tax over all wealth of 1.2 percent, decreases savings by 0.036 percent. Hence, also here, the distortinary effect of taxation on wealth accumulation is relatively modest.
Controls for portfolio dynamics show a strong indication for mean reversion. Wealth accumulated during the reform period is decreasing in base-year wealth and in base-year savings.
Results are sensitive to the use of control variables. In particular, the elasticity becomes somewhat larger when I do not control for portfolio dynamics and become smaller when I do not control for wealth splines.
Short-Run Effects on Portfolio Composition
Next, I study the short-run effect of the reform on portfolio composition in table 6 by taking the difference between the base year 1999 and the first post-reform year 2001. It is interesting to compare the shortrun effects to the long-run effects since this may be indicative of how fast households can adjust their Note: Dependent variable is relative change in the share of financial wealth between 1999-2001. IV-estimates using instrumented tax rates. Splines are linear decile spline terms over the wealth distribution. Primary labor income is a term containing the log of the sum of primary labor income earned between 1999-2001. Household and age effects include household type dummies, number of children below 18 in the household, number of members in the household and age dummies for the primary income earner. Robust standard errors in parentheses. * * * p < 0.01, * * p < 0.05, * p < 0.1.
portfolio. In the preferred estimate, reported in the first column, the elasticity of the share invested in financial wealth with respect to the return on financial wealth equals 2.269. Surprisingly this elasticity is almost as high as the long-run elasticity, indicating that households reacted to the reform almost instantaneously.
The fast response may be explained by optimization frictions. The 2001 reform brought such a radical change in portfolio returns that households had to respond lest they would end up with highly inefficient portfolios. As a result, they responded right away. After the reform the returns did not fluctuate very much, and as a result, the households did not make anymore adjustments.
On the other hand, the elasticity with respect to the return on housing wealth is not significant. This again indicates that households react less strongly to changes in the return on housing wealth then to the return on financial assets.
Results are sensitive to the use of control variables where in some specifications the short-run elasticity exceeds the long-run elasticity. This could be seen as evidence for misspecification in those models since it seems unlikely that households overshoot their optimal portfolio allocation in the short run, especially if there are transaction costs.
Finally, note that there are slightly more observations in the short-run estimates than in the long-run estimates. This attrition is due to mortality and emigration, marriage and divorce, or missing variables somewhere in the period 2002-2004.
Short-Run Effects on Wealth Accumulation
In table 7 I present the short-run effects of the tax reform on wealth accumulation. One would expect that an increase in the after-tax return induces households to save more (or less if the income effect dominates) each period. Surprisingly, the preferred estimate the short-run elasticity of 2.739 is only slightly smaller than the long-run estimate. This indicates that households adjust their accumulated wealth immediately to the new after-tax return, but only slightly change their yearly savings in the periods afterward. This might again be the result of optimization frictions.
As mentioned before, it is not possible to directly compare estimates in this paper to estimates of the elasticity of intertemporal substitution. However, Attanasio and Wakefield (2010) perform a simulation for the UK where the after-tax net return is increased from 2 to 2.5 percent, using a life-cylce model. In their baseline simulation the elasticity of substitution equals 1. The simulations show that accumulated wealth may increase by as much as 18 percent at retirement age and by a very significant amount at all ages. On the other hand, estimates in this paper suggest that an increase in the net after-tax return )  IV-IV  IV-IV  IV-IV  IV-IV  IV-IV  IV- Note: Dependent variable is relative change in wealth between 1999-2001. IV-estimates using instrumented tax rates and portfolio shares. Splines are linear decile spline terms over the wealth distribution. Primary labor income is a term containing the log of the sum of primary labor income earned between 1999-2001. Household and age effects include household type dummies, number of children below 18 in the household, number of members in the household and age dummies for the primary income earner. Robust standard errors in parentheses. * * * p < 0.01, * * p < 0.05, * p < 0.1. of 0.5 percentage point increases average wealth by approximately 0.5 × 3.031 = 1.5155 percent in the long-run. This is far less than the simulation would indicate. Obviously, these two results are not directly comparable since Attanasio and Wakefield (2010) study the steady-state effects in a life-cycle model, where attaining the steady state takes the life-time of an entire generation. However, the small effect that I find in this study coupled with the fact that short-run estimates are very close to long-run estimates gives some tentative evidence that the elasticity of substitution in the Netherlands is smaller than the baseline value in Attanasio and Wakefield (2010) .
6 Sensitivity Analysis 6.1 Portfolio Composition Table 8 shows a sensitivity analysis of the effects of the reform on portfolio allocation. The first column considers only those households where the age of the primary earner is below 65 in 2004. As can be seen, the elasticities are virtually identical to the elasticities in the initial sample.
The second column considers only those households that were above the wealth tax threshold in the base year 1999. This sensitivity analysis serves two purposes. First, households above the wealth tax threshold are relatively wealthy. Therefore, the analysis may help uncover potential heterogeneity in the behavioral response between wealthy and less wealthy households. Such heterogeneity in responses has been found in the literature in e.g. Alan et al. (2010) and might exist because wealthy households may be different in unobservable characteristics such as transaction costs. Moreover, wealthy households might be less liquidity constrained and therefore better able to optimally adjust their portfolio. Second, the measurement error may be less severe for wealthy households. If a low-wealth household misreports its wealth there is no sanction for it, as long as wealth is below the threshold. However, if households above the threshold under report their wealth the tax authorities may sanction them severely.
As can be seen, the elasticity with respect to the return on financial wealth for this group is almost twice as large. In addition, the elasticity with respect to the return on housing wealth increases with a factor larger than 100. This result gives some evidence for heterogeneity in the response rate, although the implied heterogeneity needs to be interpreted with some caution, because the lower estimate for the initial sample may have also been driven by measurement error.
The third group shows the result of single households without children. Their response with respect to the return on financial wealth is more than two times larger than it is for the initial sample. In addition, their response with respect to the return on housing wealth is more than 50 times larger. This again gives some indication of heterogeneity in the behavioral response where singles react much stronger Note: Dependent variable is relative change in the share of financial wealth between 1999-2004. IV-estimates using instrumented tax rates. Splines are linear decile spline terms over the wealth distribution. Primary labor income is a term containing the log of the sum of primary labor income earned between 1999-2004. Household and age effects include household type dummies, number of children below 18 in the household, number of members in the household and age dummies for the primary income earner. Robust standard errors in parentheses.
* * * p < 0.01, * * p < 0.05, * p < 0.1.
to the change in the capital tax than other households. However, the results have to interpreted with some caution, since the number of observations is relatively small. The final robustness analysis includes outliers that were filtered out for all other estimates. As can be seen, the number of observations increases with only 240 households. However, the response with respect to the after-tax return on financial wealth decreases by a factor ten. This indicates that these outliers have a very strong effect on the results. Table 9 presents the sensitivity analysis of the effects of the reform on wealth accumulation. The first column presents the results on the subsample that was younger than 65 in 2004. As can be seen, the elasticity is not significantly different for this subsample.
Wealth Accumulation
The second column shows the elasticity for the group that was subject to the wealth tax. As can be seen, the elasticity of this group is about three times larger than for the entire sample, indicating that the wealthy may perhaps react stronger to the change in the after-tax return than the poor. A larger response of the the wealthy may be indicative of the fact that liquidity constraints are binding for the households with lower wealth. If liquidity constraints are binding an increase in the return on the portfolio may relax the liquidity constraint, inducing poor households to consume more and save less. Liquidity constraints play a similar role if the household is not currently at the liquidity constraint but may, due to uncertainty, end up at the liquidity constraint in some state of the world (see e.g. Attanasio and Weber, 2010) . Clearly, the poor are more likely to be liquidity constrained than the rich and as such, they are less likely to accumulate more wealth if the after-tax return on their assets goes up. The resulting outcome would be that wealthy households have a higher elasticity which is exactly what I find.
The third column displays the results for singles. Singles also have a higher elasticity although the number of observations is rather limited. The fourth column shows the result when outliers are included. This does not seem to effect the elasticity at all. The final column shows the elasticity when I do not instrument for the change in asset composition. The elasticity in this specification is still significantly positive but almost three times smaller. This may indicate that it is indeed necessary to instrument for reverse causality running from wealth to portfolio composition. Note: Dependent variable is relative change in wealth between 1999-2004. IV-estimates using instrumented tax rates and portfolio shares except in final column which only uses instrumented tax rates. Splines are linear decile spline terms over the wealth distribution. Primary labor income is a term containing the log of the sum of primary labor income earned between 1999-2004. Household and age effects include household type dummies, number of children below 18 in the household, number of members in the household and age dummies for the primary income earner. Robust standard errors in parentheses. * * * p < 0.01, * * p < 0.05, * p < 0.1.
Conclusion
In this paper I use the Dutch 2001 capital tax reform to estimate the effect of capital taxation on households' portfolio composition and intertemporal choice. To my knowledge this is the first study to directly link a tax-induced change on the after-tax return on assets to the portfolio and savings decisions of household. I find behavioral responses in the direction predicted by theory. However, in contrast to earlier findings in the literature, the estimated effect is modest. Therefore, the distortion caused by capital-income taxation is smaller than previously considered. This finding is of direct impact to policy makers and researchers. A lower distortion of the capitalincome tax on wealth accumulation implies a higher optimal capital tax rate. In addition, portfolio choice is not strongly affected by relative difference in the capital income tax rate on different assets. This indicates that nudges may perhaps be a more effective way to affect household's behavior (see e.g. Madrian and Shea, 2001) .
In this study I investigate portfolio responses on the intensive margin. Future research should investigate whether Dutch households respond to tax incentives on the extensive margin, and what is the effect of pension savings on portfolio choice and wealth accumulation. Note: Dependent variable is relative change in the share of financial wealth between 1999-2004. IV-estimates using instrumented tax rates. Splines are linear decile spline terms over the wealth distribution. Primary labor income is a term containing the log of the sum of primary labor income earned between 1999-2004. Age dummies for the primary earner were included in the regression * * * p < 0.01, * * p < 0.05, * p < 0.1. )  IV-IV  IV-IV  IV-IV  IV-IV  IV-IV  IV- Note: Dependent variable is relative change in wealth between 1999-2004. IV-estimates using instrumented tax rates and portfolio shares. Splines are linear decile spline terms over the wealth distribution. Primary labor income is a term containing the log of the sum of primary labor income earned between 1999-2004. Age dummies for the primary earner were included in the estimation. * * * p < 0.01, * * p < 0.05, * p < 0.1. Note: Dependent variable is relative change in the share of financial wealth between 1999-2001. IV-estimates using instrumented tax rates. Splines are linear decile spline terms over the wealth distribution. Primary labor income is a term containing the log of the sum of primary labor income earned between 1999-2001. Age dummies for the primary earner were included in the regression * * * p < 0.01, * * p < 0.05, * p < 0.1. Note: Dependent variable is relative change in wealth between 1999-2004. IV-estimates using instrumented tax rates and portfolio shares. Splines are linear decile spline terms over the wealth distribution. Primary labor income is a term containing the log of the sum of primary labor income earned between 1999-2001. Age dummies for the age of the primary earner were included in the estimation * * * p < 0.01, * * p < 0.05, * p < 0.1. Note: Dependent variable is relative change in the share of financial wealth between 1999-2004. IV-estimates using instrumented tax rates. Splines are linear decile spline terms over the wealth distribution. Primary labor income is a term containing the log of the sum of primary labor income earned between 1999-2004. Age dummies for age of the primary earner were included in the estimation. Robust standard errors in parentheses. * * * p < 0.01, * * p < 0.05, * p < 0.1. Note: Dependent variable is relative change in wealth between 1999-2004. IV-estimates using instrumented tax rates and portfolio shares except in final column which only uses instrumented tax rates. Splines are linear decile spline terms over the wealth distribution. Primary labor income is a term containing the log of the sum of primary labor income earned between 1999-2004. Age dummies for the age of the primary earner were included in the estimation. Robust standard errors in parentheses. * * * p < 0.01, * * p < 0.05, * p < 0.1.
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